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(57) ABSTRACT

To obtain a temperature sensor device having high reliability
and high sensitivity without cost increase. This temperature
sensor device mcludes: a housing provided with a tempera-
ture sensor module having a temperature detection element
and an external connection terminal connected to the tem-
perature detection element via a lead wire, which are inte-
grated using a first formation member made from a thermo-
plastic resin, the temperature sensor module being covered
with a second formation member made from a thermoplastic
resin, so as to form a connector for connecting the external
connection terminal to an external signal processing circuit;
and a case mnto which the temperature sensor module 1s
press-litted and which 1s opposed to the housing, wherein the
first formation member and the second formation member
are welded to each other.
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1
TEMPERATURE SENSOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a temperature sensor
device.

2. Description of the Background Art

There 1s known a temperature sensor device as a device
for detecting temperature change in intake air flowing 1n an
intake manifold of an internal combustion engine.

The temperature sensor device 1s, for example, as shown
in Patent Document 1, a temperature sensor device of
pressure-sensor-combined type including a pressure sensor
module and a temperature sensor module. The pressure
sensor module detects the pressure of intake air via a
pressure introduction passage, and the temperature sensor
module has a temperature detection element protected by a
high-heat-conductive seal member and provided so as to
protrude 1nside the intake manifold, and performs tempera-
ture detection.

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. 2017-187383

In order to enhance reliability by protecting the end of the
temperature detection element of the temperature sensor
module from external impact and improve temperature
responsiveness, 1t 1s necessary to apply, to the temperature
detection eclement, a high-viscosity high-heat-conductive
seal member filled with a metal-based high-heat-conductive
filler. However, since the high-heat-conductive seal member
has high viscosity, 1t takes a very long time to apply the
high-heat-conductive seal member, and 1t 1s difhicult to
uniform the application amount and thus the application
amount 1s likely to vary, leading to increase in processing
cost. In addition, the high-heat-conductive seal member 1s
expensive, thus causing a problem that the material cost also
1ncreases.

SUMMARY OF THE INVENTION

The present disclosure has been made to solve the above
problems, and an object of the present disclosure 1s to obtain
high reliability by protection of a temperature detection
clement without using a high-heat-conductive seal member
filled with a metal-based high-heat-conductive filler.

A temperature sensor device according to one aspect of
the present disclosure includes: a housing provided with a
temperature sensor module having a temperature detection
clement and an external connection terminal connected to
the temperature detection element via a lead wire, which are
integrated using a {first formation member made from a
thermoplastic resin, the temperature sensor module being
covered with a second formation member made from a
thermoplastic resin, so as to form a connector for connecting,
the external connection terminal to an external signal pro-
cessing circuit; and a case into which the temperature sensor
module 1s press-fitted, the case being provided so as to be
opposed to the housing, wherein the first formation member
and the second formation member are welded to each other.

The temperature sensor device according to one aspect of
the present disclosure makes it possible to obtain a tempera-
ture sensor device having high reliability while suppressing,
cost increase because a high-heat-conductive seal member 1s
not used.
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2
BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1s a sectional view showing a temperature sensor
device according to the first embodiment;

FIG. 2 1s a front view showing a temperature sensor
module of the temperature sensor device according to the
first embodiment;

FIG. 3 1s a perspective view showing a temperature sensor
module attached to a housing of the temperature sensor
device according to the first embodiment;

FIG. 4 1s a perspective view showing a pillar part around
a temperature detection element of the temperature sensor
device according to the first embodiment;

FIG. 5 15 a sectional view showing a temperature sensor
device according to the second embodiment; and

FIG. 6 1s a front view showing a temperature sensor
module of the temperature sensor device according to the
second embodiment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS OF T
INVENTION

T T
T

In the descriptions of the embodiments and the drawings,
parts denoted by the same reference characters indicate the
same or corresponding parts.

First Embodiment

The present embodiment will be described with reference
to FIG. 1 to FIG. 4. In the present embodiment, a tempera-
ture sensor device of pressure-sensor-combined type which
1s capable of temperature measurement and also pressure
measurement at the same time, will be described.

FIG. 1 1s a sectional view of a temperature sensor device
according to the present embodiment. FIG. 2 1s a front view
of a temperature sensor module of the temperature sensor
device according to the present embodiment. FIG. 3 15 a
perspective view ol the temperature sensor module attached
to a housing of the temperature sensor device according to
the present embodiment. FIG. 4 1s a perspective view of a
pillar part around a temperature detection element according
to the present embodiment.

<Schematic Structure of Temperature Sensor Device>

As shown 1n the sectional view 1in FIG. 1, the outer
peripheral part of a temperature sensor device 1 1s covered
with two housings, 1.e., a housing 2 covering the upper
surface and a case 3 covering the lower surface. The housing
2 and the case 3 are made from a thermoplastic resin. As the
thermoplastic resin, Polybutylene terephthalate (PBT) resin,
Polyphenylene sulfide (PPS) resin, or the like may be used.

In the housing 2, a pressure sensor module 5 and a
temperature sensor module 10 are provided, and external
connection terminals 14, 16 for electrically connecting the
pressure sensor module S and the temperature sensor module
10 with an external signal processing circuit are fixed 1n a
state of protruding in a connector 18 formed 1n a recessed
shape 1n the housing 2. From the connector 18, connection
1s made to an external signal processing circuit (not shown)
such as a vehicle control unit.

The case 3 opposed to the housing 2 has an almost
columnar shape so as to be inserted 1into an attachment hole
(not shown) formed 1n an intake manifold, and includes a
pressure introduction passage 22 for introducing intake air to
a pressure detection element 6, and a storage chamber 23 for
storing the temperature sensor module 10.
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The case 3 and the housing 2 are jomned at an outer
peripheral portion 29 by welding or bonding, and further, at
the nside thereof, an O ring 19 1s provided, whereby intake
air introduced through the pressure introduction passage 22
1s prevented from leaking from the gap between the pressure
sensor module 5 and the case 3 and thus airtightness 1s kept.

A columnar portion 20 to be inserted into the intake
manifold has, around the circumierential surface thereof, a
groove 21 for attaching an O ring 4, whereby airtightness
can be kept when the columnar portion 20 1s attached to the
intake manifold.

<Structure of Pressure Sensor Module>

As shown 1n the sectional view i FIG. 1, the pressure
sensor module 5 has a structure in which the pressure
detection element 6 1s connected to a lead frame 7 by a gold
wire 8 and covered with a protection member 9 made from
fluorine gel. The lead frame 7 1s connected to the external
connection terminal 16 by welding or soldering, thereby
allowing a signal from the pressure detection element 6 to be
processed outside.

In the present embodiment, the gold wire 8 1s used for
connection between the pressure detection element 6 and the
lead frame 7. However, an aluminum wire may be used 1n
the same manner. In addition, as the protection member 9 for
protecting the pressure detection element 6, other than
fluorine gel, fluorosilicone gel or the like may be used.

In the present embodiment, as the pressure detection
clement 6 used in the pressure sensor module 5, a diaphragm
using a piezoresistive eflect and a silicon semiconductor
clement having a vacuum chamber are used. At the dia-
phragm, an electric circuit configured from a gauge resis-
tance (not shown) 1s formed, and the diaphragm deforms in
accordance with the pressure of intake air. In accordance
with the amount of the deformation, the resistance of the
gauge resistance changes, whereby the pressure can be
detected. That 1s, change 1n the gauge resistance 1s converted
to an electric signal and amplified, and the signal 1s output-
ted through the external connection terminal 16 to the
external signal processing circuit.

In the present embodiment, as the pressure detection
clement 6, the semiconductor element using a piezoresistive
eflect 1s used. However, without limitation thereto, for
example, a detection element of such a type that detects
change 1n capacitance or the like may be used 1n the same
mannet.

<Structure of Temperature Sensor Module>

Next, the temperature sensor module 10 will be described.
As shown at a center part 1n the sectional view 1n FIG. 1, the
temperature sensor module 10 1s mainly composed of: a
temperature detection element 11 and a lead wire 12; a
protection film 13 covering these, and the external connec-
tion terminals 14, 16; and a formation member 17 which
covers almost the entirety of these and which 1s a thermo-
plastic resin.

The temperature detection element 11 and the lead wire
12 are electrically connected to each other, and the surfaces
thereot are thinly coated with the protection film 13 made
from a tluorine-based resin. In the present embodiment, the
protection film 13 has a thickness of about 0.2 mm, can
protect the temperature detection element 11 and the lead
wire 12 from a contaminant and a corrosive substance, and
also has an eflect of electrically mnsulating the lead wire 12
from the surroundings.

In the present embodiment, a fluorine-based resin 1s used
as the protection film 13. However, an epoxy resin or the like
may be used. In addition, the thickness of the protection film
13 1s not limited to 0.2 mm, but it 1s 1important to set the
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4

thickness of the protection film 13 so as to have an msulation
property and a contamination resistance and so as not to
inhibit adhesion of the formation member 17 which 1s a
thermoplastic resin for forming constituent parts in insert
molding described below. As an example, 1 the thickness 1s
within a range of about 0.05 mm to 1 mm, the same eflect
can be obtained.

The temperature detection element 11 1s connected to one
of both ends of the lead wire 12. The other end 1s not coated
with the protection film 13, and 1s electrically connected
with the external connection terminal 14 by welding or
soldering. The temperature detection element 11, the lead
wire 12, and the external connection terminal 14 1n a state
of being electrically connected to each other are placed 1n a
mold, and then integrated by insert molding using the
formation member 17 which 1s a thermoplastic resin,
thereby forming the temperature sensor module.

At this time, the external connection terminals 14, 16 are
also 1mtegrated by insert molding at the same time. Further,
in the process of the insert molding, a flange 15 having a
shape of protruding around the temperature sensor module
10 1s formed using the formation member 17 made from a
thermoplastic resin.

FIG. 2 shows a front view of the temperature sensor
module 10. In the temperature sensor module 10, the tem-
perature detection element 11 1s exposed at the lower part,
the flange 135 1s formed at a center part so as to protrude
therearound, and the external connection terminals 14, 16 to
be connected to outside are located at the upper part. Almost
the entirety 1s formed by the formation member 17 which 1s
a thermoplastic resin, and between the temperature detection
clement 11 and the flange 15, a through hole 1s formed at a
center part in relation to two lead wires 12 included 1nside
the formation member 17.

It 1s noted that four round shapes seen at the formation
member 17 having the through hole and branched into two,
and one round shape positioned in a direction toward the
temperature detection element 11, are holes as a trace of a j1g
for fixing the lead wires 12 in the mold at the time of 1nsert
molding. Inside the round holes, the lead wires 12 covered
with the protection films 13 can be seen.

In this state, the surface of the temperature detection
clement 11 1s thinly covered with the protection film 13 (the
protection film 13 1s not shown 1n the drawing), but 1s not
covered with the formation member 17 made from a ther-
moplastic resin, and thus 1s exposed. As the temperature
detection element 11, a thermistor element using tempera-
ture change 1n electric resistance may be used, for example.
As the formation member 17 for integrating the temperature
detection element 11 and the like, a thermoplastic resin such
as PBT resin or PPS resin may be used as in the housing 2
and the case 3.

In 1msert molding, the formation member 17 made from a
thermoplastic resin 1s placed around the lead wires 12,
whereby, 1n assembling of the temperature sensor device, or
the like, deformation, bending, or the like of each lead wire
12 can be prevented. Specifically, in some cases, the lead
wire 12 has a thickness of about 0.2 mm 1n diameter, and by
the 1insert molding, the lead wire 12 can be covered with the
formation member 17 having a thickness of about several
mm or greater. Therefore, the strength can be greatly
enhanced, and deformation and the like can be prevented.

As shown 1n FIG. 2, the formation member 17 covering
the lead wires 12 and the external connection terminals 14
has such a shape that the sectional area 1s large near a part
where the lead wires 12 and the external connection termi-
nals 14 are connected (upper part in the drawing), and
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conversely, the sectional area of the formation member 17
reduces toward the temperature detection element 11 posi-
tioned at the end part. Owing to this shape, the heat capacity
of the formation member 17 decreases at the temperature
detection element 11 part near the end, and thus the tem-
perature responsiveness ol the temperature detection ele-
ment 11 can be improved.

<Structure of Housing>

As shown 1n FIG. 1, the external connection terminal 16
of the temperature sensor module 10 1s welded with the lead
frame 7 protruding from inside of the pressure sensor
module 5, and thereby electrically connected thereto, and the
pressure sensor module S and the temperature sensor module
10 are integrated via the external connection terminal 16. In
the present embodiment, welding 1s used for the connection.
However, any method that enables electrically stable con-
nection may be used, and other than the welding, 1t 15 also
possible to make the connection by normal soldering.

The pressure sensor module 5 and the temperature sensor
module 10 that are integrated are fixed 1n the mold, and then
insert molding 1s performed using a formation member 30
made from a thermoplastic resin, whereby the housing 2 1s
tormed. The formation member 17 of the temperature sensor
module 10 has the flange 15 protruding therearound. In a
process 1n which the temperature sensor module 10 1s fixed
in the mold and the housing 2 1s molded, the flange 15 and
the formation member 30 of the housing 2 both of which are
made from thermoplastic resins are welded and joined to
cach other and thus are brought into close contact with each
other, whereby a contaminant or the like can be prevented
from entering inside of the housing 2.

FIG. 3 shows a perspective view of the temperature sensor
module attached to the housing of the temperature sensor
device. The temperature sensor module 10 1s fixed 1n the
mold and 1nsert molding 1s performed using the formation
member 30 made from a thermoplastic resin, whereby a
close-contact portion 28 1s formed by welding and joining
between a base portion 27 formed at the housing 2 and the
flange 15 formed by the formation member 17 and protrud-
ing from the temperature sensor module 10. Owing to the
close-contact portion 28 formed by the welding and joining,
entry of a contaminant or the like 1s prevented and thus
reliability can be improved.

In the present embodiment, the close-contact portion 28
has a quadrangular shape with round corners. However, even
in the case of using a circular shape, an elliptic shape, a
quadrangular shape, or the like, the same eflect can be
obtained.

<Structure of Case>

As shown 1in the sectional view i FIG. 1 and the
perspective view 1 FIG. 4, the columnar portion 20 for
insertion 1nto the intake manifold 1s provided to the case 3
attached so as to be opposed to the housing 2 obtained by
integrating the pressure sensor module 5 and the temperature
sensor module 10 by insert molding. In the columnar portion
20, the storage chamber 23 into which the temperature
sensor module 10 1s to be inserted, and the pressure intro-
duction passage 22 for ensuring a space toward the pressure
sensor module 5, are formed.

As shown i FIG. 1, the storage chamber 23 has an
opening 24 having a large diameter, at the upper part 1n
contact with the housing 2, and has an opening 25 having a
small diameter, at the lower part. The diameter of the storage
chamber 23 has a tendency of decreasing toward the end side
(downward 1n FIG. 1). The temperature sensor module 10 1s
press-litted into the storage chamber 23, and the flange 15
part and the end part where the formation member 17 1s
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thinned are held by pressing the inner walls at the large
opening 24 and the small opening 25 of the storage chamber

23.

As shown 1n FIG. 4, pillars 26 are formed at the end of the
storage chamber 23 of the case 3. The pillars 26 protrude to
be higher than the end of the temperature detection element
11 so as to protect the temperature detection element 11 from
being damaged. As shown in FIG. 4, the pillars 26 are
located at four corners of the temperature detection element
11 so as not to disturb flow in the intake manifold and so as
not to influence temperature detection. Owing to the
arrangement of the pillars 26, the temperature detection
clement 11 1s protected, and at the same time, can directly
sense the temperature of flow 1n the intake manifold,
whereby the temperature responsiveness can be maintained.

In the present embodiment, an example in which the
number of pillars 1s four has been shown. However, without
limitation thereto, i1t 1s possible to apply any number or
arrangement that ensures protection of the temperature
detection element and flow 1n the imtake manifold for high
temperature responsiveness.

In the temperature sensor device 1 of the present embodi-
ment, the temperature detection element 11 of the tempera-
ture sensor module 10 exposed from the case 3 1s protected
by the plurality of pillars 26, the tlange 15 protruding around
the temperature sensor module 10 and the housing 2 are
welded and joined to be brought into close contact with each
other, and further, the temperature sensor module 10 1is
press-litted 1nto the storage chamber 23 of the case 3,
whereby the flange 15 and the end part are respectively fitted
to the openings 24, 25 of the storage chamber 23 with no
gaps therebetween.

Thus, 1t 1s possible to obtain a temperature sensor device
1 of pressure-sensor-combined type 1n which, since a high-
heat-conductive seal 1s not used, cost increase 1s suppressed,

and which has high temperature responsiveness, prevents
entry of a contaminant, and has high reliability.

Second Embodiment

The present embodiment relates to a temperature sensor
device 101 having only a temperature sensor function with-
out having the pressure sensor module 5. With reference to
FIG. 5 and FIG. 6, the temperature sensor device 101
according to the present embodiment will be described.

FIG. 5 shows a sectional view of the temperature sensor
device 101 according to the present embodiment. FIG. 6
shows a front view of a temperature sensor module 110 used
for the temperature sensor device 101 according to the
present embodiment.

A case 103 has a storage chamber 123 for storing the
temperature sensor module 110, but does not have the
pressure introduction passage 22 because the temperature
sensor device of the present embodiment does not have the
pressure sensor module 5.

At a connector 118, only an external connection terminal
114 connected from the temperature sensor module 110 1s
formed, and the external connection terminal 16 connected
to the pressure sensor module 5 1s not formed. As shown 1n
FIG. 6, the entire shape of the temperature sensor module
110 1s basically the same as that of the temperature sensor
module 10 1n the first embodiment.

That 15, a lead wire 112 and a temperature detection
clement 111 covered with a protection film 113 are molded
by 1insert molding using a formation member 117 made from
a thermoplastic resin, the temperature detection element 111
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1s exposed at the end part, and the formation member 117 has
such a shape that 1s thinned at the end part.

The relationship between the temperature sensor module
110 and a housing 102 1s the same as that in the first
embodiment. That 1s, a flange 1135 of the temperature sensor
module 110 1s welded with a base portion 127 of a formation
member 130 forming the housing, so as to form a close-
contact portion 128, and the temperature sensor module 110
and a part of the inner wall of the storage chamber 123 of the
housing 102 are fitted to each other with no gaps therebe-
tween.

Further, at the end part of the case 103, the temperature
detection element 111 1s exposed, and around the tempera-
ture detection element 111, pillars 126 higher than the
temperature detection element 111 are provided at four
COrners.

As compared to the temperature sensor device 1 of
pressure-sensor-combined type in the first embodiment, the
temperature sensor device 101 of the present embodiment 1s
different in that the pressure sensor module 3 1s not provided
and the temperature sensor device 101 1s dedicated for a
temperature sensor. However, as compared to conventional
devices, the temperature sensor device 101 of the present
embodiment does not use a high-heat-conductive seal mem-
ber and thus can suppress cost increase. In addition, since the
temperature detection element 111 1s exposed and the
periphery thereof 1s protected by the pillars 126, temperature
responsiveness 1s high, and at the same time, the temperature
detection element 111 can be protected.

The flange 115 of the temperature sensor module 110 and
the housing 102 are jomned by welding so as to form the
close-contact portion 128 together with the base portion 127
of the housing 102, whereby entry of a contaminant is
prevented and thus a highly reliable temperature sensor
device 101 can be obtained.

Although the disclosure 1s described above in terms of
various exemplary embodiments and implementations, it
should be understood that the various features, aspects and
functionality described in one or more of the individual
embodiments are not limited 1n their applicability to the
particular embodiment with which they are described, but
instead can be applied, alone or 1n various combinations to
one or more of the embodiments of the disclosure.

It 1s therefore understood that numerous modifications
which have not been exemplified can be devised without
departing from the scope of the present disclosure. For
example, at least one of the constituent components may be
modified, added, or eliminated. At least one of the constitu-
ent components mentioned 1n at least one of the preferred
embodiments may be selected and combined with the con-
stituent components mentioned in another preferred embodi-
ment.

DESCRIPTION OF THE R.
CHARACTERS

L]
Y

ERENCE

1, 101 temperature sensor device
2, 102 housing

3, 103 case

4 O ring

5 pressure sensor module

6 pressure detection element

7 lead frame

8 gold wire

9 protection member

10, 110 temperature sensor module
11, 111 temperature detection element
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12, 112 lead wire

13, 113 protection film

14, 114 external connection terminal
15, 115 flange

16 external connection terminal

17, 30, 117, 130 formation member
18, 118 connector

19 O rning

20 columnar portion

21 groove

22 pressure introduction passage
23, 123 storage chamber

24, 25 opening

26, 126 pillar

277, 127 base portion

28, 128 close-contact portion

29 outer peripheral portion

What 1s claimed 1s:

1. A temperature sensor device comprising:

a housing provided with a temperature sensor module
having a temperature detection element and an external
connection terminal connected to the temperature
detection element via a lead wire, wherein the tempera-
ture detection element, the external connection termi-
nal, and the lead wire are integrated using a first
formation member made from a thermoplastic resin,
the temperature sensor module being covered with a
second formation member made from a thermoplastic
resin so as to form a connector for connecting the
external connection terminal to an external signal pro-
cessing circuit; and

a case mto which the temperature sensor module 1s
press-litted, the case being provided so as to be opposed
to the housing, wherein

the first formation member and the second formation
member are welded to each other, wherein

the temperature sensor module has a flange protruding
therearound and made from the first formation member,
wherein

the case has a storage chamber into which the temperature
sensor module 1s press-fitted, and wherein

both an end part of the first formation member and the
flange press an iner wall of the storage chamber.

2. The temperature sensor device according to claim 1,

wherein

the housing 1s provided with a pressure sensor, and

the case has a pressure introduction hole at a position
opposed to the pressure sensor.

3. The temperature sensor device according to claim 1,

wherein

the first formation member 1s formed so as to be thinned
toward an end of the temperature sensor module.

4. The temperature sensor device according to claim 3,

wherein

the temperature detection element 1s exposed from an
opening at an end of the storage chamber formed 1n the
case.

5. The temperature sensor device according to claim 4,

wherein

at the opening, pillars are formed so as to surround the
exposed temperature detection element.

6. The temperature sensor device according to claim 1,

wherein

the temperature detection element 1s exposed from an
opening at an end of the storage chamber formed 1n the
case.
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7. The temperature sensor device according to claim 6,
wherein

at the opening, pillars are formed so as to surround the
exposed temperature detection element.

8. The temperature sensor device according to claim 7,
wherein

the pillars protrude more than the exposed temperature
detection element.

9. The temperature sensor device according to claim 1,
wherein

the flange and the second formation member are welded
to each other.

10. The temperature sensor device according to claim 9,
wherein

the temperature detection element 1s exposed from an
opening at an end of the storage chamber formed 1n the
case.

10
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11. The temperature sensor device according to claim 10,
wherein
at the opening, pillars are formed so as to surround the
exposed temperature detection element.
12. The temperature sensor device according to claim 9,
wherein
the first formation member 1s formed so as to be thinned
toward an end of the temperature sensor module.

13. The temperature sensor device according to claim 12,
wherein

the temperature detection element 1s exposed from an
opening at an end of the storage chamber formed 1n the
case.
14. The temperature sensor device according to claim 13,
wherein
at the opening, pillars are formed so as to surround the
exposed temperature detection element.
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